A randomized dietary intervention trial across 4 years examined diet, weight, and obesity incidence (body mass index [BMI] ≥ 30 kg/m 2 ) differences between study groups. Participants were 1,510 breast cancer survivors with BMI ≥ 25 kg/m 2 at entry. Dietary intake was assessed yearly by telephone; weight and height were measured at clinic visits. Intervention participants consumed more fruit, vegetables, and fiber and less energy from fat than control participants during follow-up cross-sectionally (p < .0001) and longitudinally (p < .0001); weight did not differ between study groups at any follow-up visit, and significant weight change difference was observed between groups only in the 1st year (p < .0001). Diet and weight results remained unchanged after stratifying by age and BMI. No difference in obesity incidence was found during follow-up (p > .10) among overweight members of either study group. Without specific efforts to reduce total energy intake, dietary modification does not reduce obesity or result in long-term weight loss.
breast cancer recurrence and death. The WHEL Study protocol has been described in detail elsewhere (Pierce et al., 2002) .
WHEL Study participants who were either overweight (BMI =25-29.9 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ) at baseline (N = 1,760) were eligible for inclusion in the present study. Of this sample, 250 participants (14%) lacked data on body weight beyond baseline because of recurrence, death, or voluntary nonparticipation. The present analyses consider the remaining 1,510 women (control = 760, intervention = 750) for whom dietary intake and weight data were available at 4 years postrandomization.
Of the 1,510 women, 838 were overweight (BMI = 25-29.9 kg/m 2 ) at study entry (control = 423, intervention = 415), and formed the sample for examining obesity (BMI ≥ 30 kg/m 2 ) incidence during follow-up periods (Years 1, 2 or 3, and 4).
Dietary Assessment
Dietary intake was assessed through a set of four 24-hr dietary recalls. Trained dietary assessors conducted these recalls over the telephone on randomly selected days, stratified for weekend versus weekdays, during a 3-week period. Dietary recalls were administered to the participants at study entry and then annually thereafter for 4 years (split sample, 50%, at Years 2 and 3). The Minnesota Nutritional Data System (NDS; University of Minnesota, 2001) software was used to collect and estimate dietary intakes.
A number of strategies helped to maximize the accuracy of dietary recall data. Dietary assessors had completed a training program that included standardized data collection, proper interview technique, and efficient use of dietary analysis software. Participants were trained before study enrollment to estimate serving sizes with food models, measuring cups, and spoons and were provided with 2-dimensional food models for reference during recalls. In addition, NDS used a multipass method that improved recall accuracy by prompting assessors to obtain detail data about type, amount, and preparation method of food eaten.
Participants in the intervention group were encouraged to maintain a dietary pattern that included daily consumption of at least five vegetable servings, 16 ounces of vegetable juice (or equivalent vegetable servings), three fruit servings, 30 g of fiber (18 g/1,000 kcal), and 15% to 20% energy from fat. Telephone counseling, monthly cooking classes, and newsletters were the principal methods to promote dietary change in the intervention participants. Control group participants received print materials that included dietary guidelines from the U.S. Department of Agriculture (U.S. Department of Health and Human Services [USDHHS], 1995) and the National Cancer Institute (NCI; 1995) and a bimonthly cohort maintenance newsletter that included general health and nutrition information unrelated to the intervention group's dietary goal.
Exposure Variables. Dietary intake was quantified as follows: (1) intake of total fruit and vegetables (servings/day/1,000 kcal)-a vegetable serving was defined as one half cup cut-up fresh or cooked vegetable or 1 cup raw leafy green vegetable, or equivalent amounts provided by multi-ingredient dishes; a fruit serving was one half cup of cut-up fresh or cooked fruit or one quarter cup of dried fruit or one medium piece fresh fruit; fruit juice, iceberg lettuce, white potatoes, and legumes were not included in the computation of daily total fruit and vegetable intake; (2) intake of total fiber (grams/day/1,000 kcal)-total fiber included both soluble and insoluble fiber; and (3) percentage energy from fat/day-(energy obtained from daily intake of total fat divided by total daily energy intake) × 100.
Outcome Variable. Weight and height were measured-with the participants wearing light clothing and no shoes-during clinic visits (baseline and Years 1, 2 or 3, and 4) scheduled in the WHEL Study. BMI was calculated as weight (kg) divided by height (m 2 ). A woman was considered obese if her BMI was ≥ 30 kg/m 2 .
Physical Activity. Physical activity was determined using a 9-item measure from the Personal Habits questionnaire developed for Women's Health Initiative (WHI, 1998) , expressed as metabolic equivalents per week (MET-min/week), and completed at baseline and at follow-up visits. For the WHEL Study, this questionnaire was calibrated with the standard 7-Day Physical Activity Recall (PAR) and validated with an accelerometer reading (Johnson-Kozlow, Rock, Gilpin, Hollenbach, & Pierce, 2007) .
Other Variables. Information on age and stage of cancer at the time of diagnosis and treatment modalities was obtained from patients' medical records. Standard questionnaires administered at baseline ascertained demographic and weight history. BMI was categorized as overweight (25-29.9 kg/m 2 ), Obese Class 1 (30-34.9 kg/m 2 ), and Obese Class 2 (≥ 35 kg/m 2 ). Other potential covariables examined in this analysis included race/ethnicity, education, marital status, employment status, smoking status, alcohol intake, menstrual history, adult weight history (stable vs. not stable), and time elapsed between cancer diagnosis and study entry (in months).
Informed written consent from study participants was collected in the WHEL Study. The Human Subjects Committee of the University of California, San Diego, and all participating institutions approved the procedures for the present study.
Statistical Analyses
The control and the intervention group were compared for participants' baseline characteristics to validate randomization. Demographic, behavioral, cancer, and treatmentrelated variables, thought to be potential confounders of the relationship between dietary intake and weight, were examined in this respect.
Participants with missing weight data at all follow-up time points were identified and compared by study group for attrition frequency. Participants with missing data were also compared to participants with complete data on key variables such as age, BMI, and cancer stage.
Mean daily intake of fruit and vegetables, total fiber, and percentage energy from fat and mean body weight were calculated and graphed for the control and intervention participants both at baseline and at follow-up (Years 1 to 4). Total caloric intake and physical activity were also calculated and compared between the study groups during the same points of time. Corresponding means at baseline and at specific follow-up times were compared against each other to discern group difference, if any. Daily total energy consumption was taken into account while calculating mean fruit and vegetable servings and total fiber intake. The same analyses were rerun after stratification by baseline age (< 55 vs. ≥ 55 years) and BMI (overweight, Obese Class 1, and Obese Class 2). For stratified analyses, body weight at Years 2 and 3 (split 50% sample) were considered together to ensure adequate sample size.
Mixed effect models ascertained Group × Time interaction. Mixed effect models are the best option available for such analyses given the correlations among repeated measurements within a participant and the ability of this model to handle random missing values. To find a suitable covariance structure, correlations and variances over time were examined for each variable modeled. Although the correlation between any two time points varied little, and the variances over time remained steady, both of which favored compound symmetry as the choice of covariance structure, each model was run with the same fixed effect but different covariance structure, such as toeplitz, unstructured, and autoregressive. Unstructured covariance provided the smallest Akaike's criterion value and was used in the final mixed models.
Because a significant difference in weight change was observed between the control and intervention groups only in the 1st year of follow-up despite sustained dietary changes in the intervention group, secondary data analysis, using a linear regression model, was carried out to ascertain which dietary changes might be associated with weight change.
Finally, incidence of obesity at follow-up (Years 1, 2 or 3, and 4) was calculated for those who were overweight at study entry overall and by study group. The corresponding incidences of all specific follow-up visits were then compared by t test to ascertain any difference by randomization status.
RESULTS
The mean age of the 1,510 women who were either overweight or obese at baseline was 54.4 years (range 28 to 74 years; SD = 9.0). The mean BMI was 30.9 (SD = 5.2), 56% were overweight, 26% were Obese Class 1, and 18% were Obese Class 2. Although mostly non-Hispanic White (83%), the cohort also included a small but varied group of minority women (African American, 5%; Asian, 3%; Hispanic, 6%; and other ethnicities, < 3%). Highly educated (48% college graduate) and predominantly employed (71%), 70% of the participants were also married. Fewer than 5% were diagnosed with Stage IIIA cancer or were currently smoking. The mean energy intake was 1,746 kcal/day (SD = 426), and mean time between cancer diagnosis and study entry was 24.9 months (SD = 12.2) (data not shown).
Comparison of demographic, behavioral, cancer, and treatment-related characteristics between the control (n = 760) and the intervention participants (n = 750) showed that the randomization was successful. Tamoxifen use was marginally significantly higher in the intervention group (p = .06; see Table 1 ).
At baseline, consumption of fruit and vegetables, total fiber, and percentage energy from fat was similar in both groups. The control group reported consuming approximately five servings of fruit and vegetables, 20 g of fiber, and 30% energy from fat; these values remained relatively unchanged during follow-up. Intervention group participants were consuming significantly more fruit and vegetables, total fiber, and lower percentage energy from fat during follow-up (p < .0001) than they were at baseline (Figures 1a, 1b, and 1c ). The study groups did not differ in their total caloric intake (kcal/day) at baseline (control = 1749 ± 16, intervention = 1743 ± 15; p = .65), at 1 year (control = 1592 ± 15, intervention = 1572 ± 13; p = .33), and at 2 years (control = 1596 ± 21, intervention = 1557 ± 19; p = .19) but differed slightly at 3 years (control = 1597 ± 22, intervention = 1500 ± 20; p = .002) and at 4 years (control = 1561 ± 16, intervention = 1513 ± 15; p = .03). The two groups also did not differ by physical activity (MET-min/week) at any of the study time points: baseline (control = 775 ± 31, intervention = 720 ± 30; p = .21), 1 year (control = 834 ± 33, intervention = 816 ± 33; p = .70), 2 years (control = 787 ± 47, intervention = 769 ± 51; p = .80), 3 years (control = 855 ± 52, intervention = 721 ± 44; p = .06), and 4 years (control = 781 ± 33, intervention = 779 ± 37; p = .97) (data not shown). No difference in mean body weight was observed between the groups either at baseline or at follow-up ( Figure 1d) . The difference in mean dietary intakes between the study groups at follow-up remained significant, irrespective of baseline age and BMI categories, except for percentage energy from fat in Obese Class 2. In that category, percentage energy from fat among the intervention participants declined significantly in the 1st year but started to increase thereafter, and by the end of follow-up, there was no difference between the Significant differences were observed between the groups over time in their changes of reported fruit and vegetables, total fiber, and percentage energy from fat intake (p for Group × Time interaction = < .0001; see Table 2 ). Significant difference in change of body weight occurred between the groups in the 1st year of follow-up only (p for Group × Time interaction = .001) and not at subsequent follow-up times.
Secondary analyses showed that weight change at 1-year follow-up was strongly but inversely associated with a change in total fiber (beta coefficient = -0.08, p < .0001) and moderately but proportionately with a change in percentage energy from fat (beta coefficient = 0.05, p < .01); change in fruit and vegetable intake was not found to be associated with weight change (beta coefficient = -0.01, p < .81) (data not shown).
The incidence of subsequent obesity among women who were overweight at study entry was 10.6%, 14.3%, and 18.6% at Year 1, 2 or 3, and 4, respectively. Obesity incidence did not vary by study group at any follow-up time (p for Year 1, 2 or 3, and 4 was .9, .1, and .3, respectively; see Figure 2 ). 
DISCUSSION
In this dietary intervention of women with a history of breast cancer, overweight or obese participants assigned to the intervention arm significantly changed their diets by increasing their fruit, vegetable, and fiber intake and by decreasing their percentage energy consumed from fat. Participants maintained these changes during the study followup period. The dietary intakes in the control group remained unchanged during the course of the study. Differences in dietary intake between the groups were shown to be independent of baseline age and BMI. Mean physical activity and body weight did not vary by the study groups either at baseline or at follow-up time points; mean caloric intake was slightly lower in intervention participants at 3-and 4-year follow-ups. A significant difference in weight change was observed between the groups only in the 1st year of follow-up but not afterward. Secondary data analysis indicated that weight decrease in the 1st year was associated strongly with an increase in total fiber intake and moderately with a decrease in percentage energy from fat but not with an increase in fruit and vegetable intake. Finally, significantly different dietary intakes between the overweight control and intervention participants did not translate into difference in the incidence of obesity.
The clinical trial with data most comparable to that in the present study is the Polyp Prevention Trial (PPT; Lanza et al., 2001) . Both of these trials were a multicenter randomized trial, had similar dietary goals (daily five to eight servings of fruit and vegetables, < 20% of energy from fat, and approximately 30 g/day of fiber for the PPT), had large enrollment, and followed their participants for the same length of time (4 years). The intervention participants of the present study, as in the PPT, significantly increased their fruit, vegetable, and total fiber intake; decreased their percentage energy from fat compared to the control group; and maintained that difference throughout the study follow-up period. However, by the end of follow-up, weight differed between study groups in PPT, but it did not between the corresponding groups in the present analyses. Although the weight change among the control group in both trials was very similar (PPT, mean = 0.31 kg; WHEL subgroup, mean = 0.55 kg), the intervention participants in PPT lost a small amount of weight on average (mean = -0.65 kg), whereas their counterparts in the present study actually gained a small amount of weight over time (mean = 1.3 kg).
The variations of results in body weight between these two trials may be explained by a number of factors. Unlike the WHEL Study, the PPT included men, but weight data were not presented separately for gender. Hence, it is not known whether women in the PPT experienced weight change that was any different from that in men. Hormonal differences and the onset of menopause in women may lead to different weight change patterns in adult men and women. A difference in age distribution between study cohorts might explain the difference in weight change between studies. Adult women generally gain weight until 55 years of age and typically lose weight thereafter (Williamson, 1993) . PPT participants were considerably older than this WHEL Study subgroup (mean age = 61 vs. 54 years, respectively). Finally, differences in dietary intake may have played a role. The mean increase of total fiber intake and decrease of percentage energy from fat were considerably higher in PPT (fiber, 7 to 8 g/kcal; fat, 10%) than in the WHEL subgroup (fiber, 4.6 g/kcal; fat, 3.4%).
In other diet trials (Djuric et al., 2002; Smith-Warner et al., 2000) that focused on increasing fruit and vegetable intake where weight loss was not a study objective, weight did not differ by study groups, and intervention participants did not lose weight. In fact, in one trial (Djuric et al., 2002) , participants in the high fruit-and vegetable-intake group actually gained an average of 6 pounds, compared to a mean loss of 5 pounds in the lowfat-intake group. If fruit and vegetable intake is increased without decreasing total energy intake, weight gain is a plausible result. Also, a fruit-and vegetable-rich diet is not always low in energy density: The form of fruit and vegetable, cooking method, and the additional foods consumed also influence energy density of the overall diet (Rolls et al., 2004) .
The diet intervention trials that reported a change in weight associated with an increase in fruit and vegetable intake also reported a significant increase in total fiber intake and a decrease in percentage energy from fat (Howard et al., 2006; Lanza et al., 2001 ). Hence it was not possible to partition the effect of each of these factors on the reported weight change. The Women's Health Initiative (WHI) trial (Howard et al., 2006) followed 48,835 postmenopausal participants for 7.5 years and showed that an increase in total fiber intake and decrease in percentage energy from fat were associated with weight loss, whereas fruit and vegetable intake did not influence weight loss. The WHEL Study subgroup showed a significant weight loss only in the 1st year of followup. As with the WHI, weight loss in the 1st year was associated strongly with an increase in total fiber intake and modestly but proportionately with a decrease in percentage energy from fat but not with an increase in fruit and vegetable intake (data not shown). Indeed, weight change is much more commonly associated with total fiber intake than it is with fruit and vegetable intake (Howarth, Saltzman, & Roberts, 2001) .
The present study offers a number of valuable insights by examining stratified diet and weight data by baseline age and BMI categories. Dietary change in intervention participants occurred in each level of age and BMI except for percentage energy from fat in Obese Class 2. Nevertheless, body weight did not differ between the groups in any of these instances. In both groups, older women (> 55 years) generally had a higher fruit and vegetable intake, higher total fiber intake, and lower intake of energy from fat than younger women (< 55 years). Also, fruit and vegetable intake and total fiber intake were lower and percentage energy from fat higher as the baseline BMI increased. Intervention participants, irrespective of age and BMI categories, changed their diet the most in the 1st year of follow-up. Afterward, the dietary differences between the groups decreased as the follow-up time increased. Finally, the age-stratified weight among the control group corroborated known trends (Williamson, 1993) : Mean weight monotonically increased in younger women (< 55 years) and decreased in older women (> 55 years) as follow-up time progressed (data not shown).
The notion that an increased fruit and vegetable consumption may reduce the incidence of obesity is based on data from both epidemiological studies (He et al., 2004; Newby et al., 2003) and clinical trials (Epstein et al., 2001; Singh et al., 1994) . Despite the advantage of superiority in design, the results of the clinical trials in question may not be generalized to a broader U.S. population. One trial (Singh et al., 1994) was conducted in a population in which being a vegetarian is the norm. Participants were also required to restrict their daily energy intake (Epstein et al., 2001) , were followed for short duration (6 months; Singh et al., 1994;  to 1 year; Epstein et al., 2001) , and were small in number (Epstein et al., 2001 ) (n = 27). Of the epidemiological studies (He et al., 2004; Newby et al., 2003) that examined the relationship between fruit and vegetable intake and obesity, the Nurses' Health Study (He et al., 2004) is the largest. In that study, women in the highest quintile of fruit and vegetable intake change had a 24% lower risk of becoming obese in 12 years compared to women in the lowest quintile of change. It is possible, however, that these two groups of women were so dissimilar from one another, both in observed and unobserved attributes, that the difference in fruit and vegetable consumption (e.g., baseline consumption: median = 9.3 vs. 2.6 servings/day) was simply a correlate of that dissimilarity. In the present study, with limited confounding because of study design, the incidence of obesity was similar in control and intervention groups. Other studies, both cohort (Togo, Osler, Sorensen, & Heitmann, 2004 ) and clinical trials (Rock et al., 2001) , also support this finding.
This study has strengths as well as limitations. The first and foremost of the strengths is its clinical trial design, whereby randomization theoretically distributes all attributes of the study participants, both measured and unmeasured evenly between the groups. The only difference was that one group received a dietary intervention and the other did not. Hence, the findings that the dietary differences between the groups were not associated with any difference in weight or obesity incidence were most probably unconfounded. Although tamoxifen usage was slightly higher in the intervention group, it is unlikely that it influenced body weight; most studies (Kumar et al., 1997) have found that tamoxifen use is not associated with weight change. Unlike many other studies that use self-reported weight and height (He et al., 2004; Newby et al., 2003) , this study used measured body weight and height, assuring more accurate outcome measures. Although systematic underreporting of dietary intake is common among obese individuals; it should not be of concern in this WHEL Study subgroup, for obese women were distributed evenly between the groups because of randomization. Finally, although it is possible that intervention participants reported their diet differently than control participants, that is unlikely to account for the dietary difference reported between study groups, because plasma levels of various carotenes, biomarkers of fruit and vegetables consumption, were also found to have increased significantly among intervention participants by 1 year of follow-up (Pierce et al., 2006) . This WHEL Study subgroup differed in their dietary practices from their age-and year-matched cohort in the U.S. general population (GP; USDHHS, 2000) . For example, the proportion of participants that consumed three servings of fruit and vegetables (WHEL subgroup = 69% vs. GP = 49%) and < 30% energy from fat (WHEL subgroup = 58% vs. GP = 33%) was higher among WHEL participants-indicators suggestive of greater health consciousness. In addition, WHEL participants were generally White, highly educated, and predominantly employed. Hence, the results reported in this study may not be generalizable to the population at large. Finally, it is not known what impact missing follow-up data could have had on the study results. Participants whose data were missing were comparatively younger and heavier and were more likely to have Stage IIIA cancer. This study was, however, about discerning group differences, and so the concern was whether attrition rate varied between the groups, which it did not (control = 13%, intervention = 15%; data not shown).
Implications for Practitioners
This study shows that with an appropriate intervention, people can modify their dietary habits and are capable of adhering to the newly adopted diet over time. This behavioral change of adopting a diet that is less energy dense (high in fiber and low in fat), however, does not result in a reduction of total energy intake in the ad libitum context, where people are free to choose both types and quantity of food. Hence, the modification of diet alone, in the absence of concomitant reduction in total energy intake and/or increase in physical activity, is unlikely to produce weight loss. Given that, people should still be encouraged to adopt a diet high in fruits, vegetables, and fiber and low in fat, for a good body of evidence suggests that such a diet helps protect against cardiovascular diseases and diabetes (Harriss et al., 2007) .
